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Abstract: Microplastics (MPs) are considered as a contaminant of widespread global concern. Due to
their small size, MPs become bioavailable to many types of organisms and affect them. However,
there is still little known about MP release on land, storage in soils and sediments, or their transport by
runoff in rivers. Thus, the aim of this work was to present the results of the first, initial investigation
on microplastic presence in an urban stream located in Warsaw, Poland. A simple and relatively
inexpensive procedure that leads step-by-step to the detection of microplastics in bed load sediment
is presented. It consists of sampling, sieving, density separation, organic matter reduction, and Nile
Red staining. The presence of MP in the channel of Służew Creek was confirmed. The estimated
amount of particles ranged from 191 to 279 pieces per 30 g of bed load sediment for the selected
sampling sites. The number of particles seemed to increase with the catchment area. There is a need
for further broad research focusing, among others, on the standardization of methods and laboratory
procedures leading to microplastic detection.

Keywords: microplastic; pollution; bed load; sediment; urban catchment

1. Introduction

Microplastics (MPs) are small plastic (i.e., polyethylene, polypropylene, polyvinylchlo-
ride, polystyrene etc.) fibers and particles that originate from everyday use objects and
are less than 5 mm in size (in the largest dimension). These microplastics are considered
a contaminant of widespread global concern because millions of tons of plastic reach the
oceans and seas via streams every year [1]. Due to their small size, MPs become bioavailable
to many types of organisms living in or close to aquatic ecosystems including zooplankton,
fishes, birds, and mammals [2–4]. Among others, plastic fibers may affect the organisms’
mortality, reproduction, or behavior [5]. MP fibers are also transferred through the food
chain and are therefore equally dangerous to other animals and consequently to humans [6].
The major interest of the previous research on MPs has been given to its occurrence and
impact on the marine environment [7–10]. Thus, still little is known about MP release on
land, storage in soils and sediments, or their transport by runoff in rivers [11]. For instance,
Enders et al. [12] found correlations between the high-density polymer and the sediment
grain size in sediment samples taken from the Warnow estuarine (Germany). Such research,
although very valuable and interesting, is still rare. The issue of the microplastic cycle
in local rivers needs to be explored further, as plastics and microplastics are expected to
continue to be present in the environment for many years. In addition, the removal of MPs
from the environment and rivers is hampered by their very long biodegradability time [13].
Therefore, research on their removal from rivers and other aquatic systems is also of high
importance. The chronological reconstruction of MP in sediment core samples was carried
out by Uddin et al. [14]. These authors stated decreases of MP abundance with depth in the
sediment cores.
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The bed load sediment generally moves near the streambed, nevertheless, occurrences
of high-intensity flows can momentarily maintain the bed load in suspension [15]. Both
plastic as well as excessive sediment loads are treated as pollutants that may strongly
deteriorate the environment. Although their origin may differ, the mechanism of their
transport in rivers remains similar [16]. Moreover, a coupled interaction between the
sediment and MPs may occur and river pollution by MPs may progress in rivers with poor
water quality [17].

The aim of this work was to present the results of the first, initial investigation on
microplastic presence in an urban stream located in Warsaw, Poland. This area is under the
hydro-meteorological monitoring of Warsaw University of Life Sciences (see Section 2.2
for details). The samples were collected at four different locations to potentially observe
the effect of the catchment size and its management of the amount of plastic. As a source
of microplastics, we selected the bed load sediment. This is easy for sampling and thus
allows for frequent repetition and comparison of the obtained results. MPs have been found
in many remote parts around the world, among others, in mountain catchments [18,19],
Amazon rivers [20,21], arctic aquatic environments [22], and on the coastlines and beaches
of small, tropical islands [23]. The presence of MPs in reservoir sediments has been already
earlier confirmed by Di and Wang [24] and Jiang et al. [25], which suggests that MPs can
also be found in sediments transported in rivers and in deposits, as proposed in this work.
The novelty of the presented paper can be found in a few aspects. First, the subject of
the work (i.e., microplastics are quite a new type of pollutant present in the environment
for a relatively short time). Thus far, more attention has been paid to the pollution of the
marine environment, and less to soil and sediment. The authors also attempted to link
the abundance of microplastics with the characteristics of the study catchment. Moreover,
research on plastic detection and identification are still being developed. There are many
approaches and ideas. Here, the authors present and perform a simple and relatively not
expensive procedure that leads step-by-step to the detection of microplastics in the bed
load sediment. The present work provides scientists with some practical tips and insights
related to MP pollution detection in bed load sediment.

2. Materials and Methods
2.1. Overview of the Applied Procedure

The methodology presented in this work results from a literature review and the
authors’ own lab experience and equipment, which is at the disposal of the research
team. It fits the specific type of sediment (i.e., bed load), compounded mainly of mineral
matter with a small share of organic material. Figure 1 presents the general scheme of
sample processing. The procedure leading to microplastic identification consists of the
following steps: (1) sampling and initial processing; (2) density separation; (3) organic
matter reduction; and (4) Nile Red staining and microplastic identification.

2.2. Study Catchment and Sampling Cross Sections

The catchment of Służew Creek located in Warsaw, Poland is under hydro-meteorological
monitoring by the Warsaw University of Life Sciences [26–28]. Urbanization significantly
affects the study area for a long time. Already at the end of the 17th century, the course
of the main stream was changed [29]. The runoff has been directed through an artificial
channel to Wilanów Lake (see Figure 2). In the 1970s and 1980s, the management of the
catchment was changed from agricultural to urban. The number of sealed areas increased
and the stream channel has been regulated. Currently, the issues related to the growing
flood risk [30] and the deteriorating quality of the runoff [31] are becoming the greatest
challenge to be faced by the local authorities and community. Microplastic contamination
has not yet been investigated in this area.

As sampling sites, four specific cross sections were selected, see Figure 2 for the
detailed locations. At point S1, the Służew Creek starts to flow in an open channel. The
catchment up to this cross section (11.9 km2) is highly urbanized, the stream flows under



Sustainability 2022, 14, 16017 3 of 13

the airport, and its source is also built up. The second sample (S2) was taken from the
Grabów Channel, which drains the water from suburbs of Warsaw. The catchment until the
cross section (14.0 km2) is less urbanized and covered by single-family houses, farmlands,
wastelands, forests, and scrubs. The Grabów Channel joins Służew Creek. The sampling, S3,
is located downstream of the junction of these two watercourses. Furthermore, the Służew
Creek flows through two retention ponds. The fourth sample was taken downstream of
them (catchment area equals 40.5 km2). Thus, we would like to check if their influence on
the presence of microplastics can be observed.

The main idea of sampling is to take the mixture of sediment and microplastic from
the upper layer (up to 5 cm) of the bottom sediment. High-density plastic particles settle
down or are transported together with coarse sediment. Thus, their highest concentration
may occur in the top layer of the sediment. For instance, in the case of beach sediment,
samples are often taken with the use of a shovel from a small quadratic area of about
0.25–0.4 m2 [32,33]. This method is hard to apply in a stream as digging under flowing
water results in the resuspension of sediment and dilution of the sample. Instead of a
shovel, we used a core sampler (
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2.3. Initial Processing

As part of the preprocessing step, the samples were dried for two days. To prevent
plastic degradation or sticking to the sediment, the temperature was lower (70 ◦C) from the
standard 105 ◦C. Furthermore, dry samples were sieved through a 1 mm sieve to separate
large size particles (gravel, crushed glass, fragments of branches and leaves including
plastic). After usage, the sieve was rinsed with pure water and dried. Each time, the sieve
was visually inspected for any plastic particles larger than 1 mm. The rinse water was
added to the appropriate sample and evaporated. This is where the first stage of the study
was completed.

2.4. Density Separation

In this approach, materials of different densities (mineral and organic matter, plastic)
are put into a liquid of intermediate density and the less dense material (organic matter
and plastic) floats and separates out from the more dense (mineral sediment) settling [34].
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This step aims to remove mineral matter from the sample. A significant share of it impedes
the detection of microplastic. For the case study, the mineral matter accounted for over 97%
mass of the collected bed load. Therefore, it is very important to make this step.

As a liquid, different salt solutions of varied densities can be applied. The most widely
used are sodium chloride, NaCl [35,36], sodium iodate, NaI [34,37], and zinc chloride,
ZnCl2 [38,39]. The first is the cheapest and most commonly available, and its saturated
solution has a density of about 1.18 g·cm−3. The remaining two are much more expensive
but give higher densities (i.e., up to 1. 8 g·cm−3 for saturated solutions). Please note that
zinc chloride is toxic to the environment.

The density of plastic differs widely, depending on the type of the polymer. In
general, it ranges from 0.85 g·cm−3 for polypropylene up to 1.45 g·cm−3 for polyvinyl
chloride [34]. However, most polymers (PP, LDPE, PE, HDPE, PS, nylon) have a density
lower than 1.15 g·cm−3, while polyethylene terephthalate (1.38 g·cm−3) and polyvinyl
chloride differed significantly from the rest.

Considering the above information, we propose the use of a liquid for density separa-
tion of the 40% calcium chloride, CaCl2 solution. It has several advantages as it is as cheap
as sodium chloride and is highly soluble in water and is commonly available. The density
of the obtained solution was established at 1.37 g·dm−3. It allows for the recovery of all
low- and medium-density polymers. At the same time, information on some high-density
polymers may be lost. Eighty grams of salt were added to 100 mL of pure water and stirred.
The solution was left to cool down to room temperature (21 ◦C) as the dissolving heat is
released. Afterward, it was filtered to remove any undissolved particles. The density of
liquid was estimated with use of the pycnometric method.

Density separation was carried out with the Sediment-Microplastic Isolation (SMI)
unit. The concept of this device was developed by Coppock et al. [40]. It consists of
two pipes connected with a ball valve (Figure 2). When the valve is open, high-density
particles may settle, while those with a light density will float to the surface. After closing
the valve, the supernatant can be collected. The SMI was filled with 30 g of dried sediments
and the previously prepared salt solution. The mixture was shaken for several minutes,
after that, the unit was left motionless for one day and the valve remained open. Next,
the valve was closed, and the supernatant was poured into a clean beaker to separate
the collected material from the liquid filtration. Furthermore, the glass fiber filters were
carefully rinsed with pure water in order to transfer all of the captured particles to the
beaker. Water was evaporated and in the beaker, only low-density particles were left. This
is where the density separation method ends.

2.5. Organic Matter Reduction

This stage focuses on removing the organic content from the material obtained in the
previous step. Organic matter may be easily mistaken for microplastic particles, leading to
an overestimation of its amount. Moreover, when reducing organic matter it is important
to preserve the plastic decomposition at the same time. Thus, mineralization at high
temperatures or in concentrated acid is not allowed. To solve this issue, many authors
have used different approaches and there is no single dedicated method. However, the
type of sample impacts the method selected. In the case of animal samples (i.e., tissues
of dead clams or fishes), the treatment of the sample with sodium hydroxide, KOH, at a
specific concentration, temperature, and amount of time was established as an efficient
method [22,41]. For soil or sediment samples, 30% oxidant peroxide, H2O2, or Fenton’s
reagent (i.e., H2O2) with the addition of ferrous iron, Fe(II), are often applied [35,42,43].
It has also been proven that Fenton’s reagent is efficient in reducing algae mass, while
complex structures, (i.e., wood (composed of lignin)) are more resistant to it [44]. Thus,
recent research proposes the use of sodium hypochlorite, NaClO to remove the vegetal
matter [45]. It is commonly used in the water treatment or paper industry and has a high
ability to decompose lignin and cellulose. Here, it should also be mentioned that apart from
chemical methods, biological digestion with the use of enzymes may also be applied [46,47].
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In this work, to reduce organic matter, sodium hypochlorite was used. It is commonly
available, low cost, and is less dangerous than Fenton’s reagent (highly caustic, may boil
rapidly when overheated). It also does not require strictly defined activation and action
conditions such as enzymes. The applied procedure of reduction is based on the work of
Monteiro et al. [45]. To the beaker with a low-density material (resulting from the previous
step), 100 mL of 10% NaClO solution was added. The beaker was covered with aluminum
foil and put into a heater for 15 h at 50 ◦C. Under these conditions, the decomposition of
organic matter was conducted.

2.6. Nile Red Staining and Microplastic Identification

Nile Red (NR) is a fluorescent, hydrophobic dye that was initially used to detect
lipids in biological samples [48]. Recently, it has been commonly applied to identify
microplastics [49–51]. The dye binds to the polymers and makes them fluorescent when
exposed to the light of a specific wavelength. Prata et al. [50,52] proved through a series of
tests, that stained particles exposed to blue light (470 nm) and observed (photographed)
under orange filter may be easily distinguished and classified as plastic. The image showing
bright, glowing particles can be processed by special software.

Nevertheless, it should also be mentioned that Nile Red may adsorb on organic matter
and cause a fluorescence similar to that of plastic. Therefore, it is extremely important to
remove it according to the previous stage (see, Section 2.5).

The Nile Red solution was prepared by diluting 1 mg Nile Blue A Oxazone (powder) in
100 mL of pure ethanol, which is the frequently used proportion [50,53,54]. To prepare the
stock solution, acetone may also be used [39,55], but not water, as the dye is hydrophobic.

Particles that remained in the beaker (after organic matter reduction) were transferred
to the filter. A few drops of NR solution were spread on the filter to stain the microplastics.
To avoid background fluorescence, glass fiber filters were used instead of those made of cel-
lulose. Stained filters were left for 10 min at 60 ◦C to dry and let the dye adsorb on plastic.

Furthermore, filters were moved to a dark room, exposed to blue light and pho-
tographed under an orange filter. When not analyzed, the samples stayed covered with
aluminum foil to avoid accidental contamination (i.e., through air dust). As a source of
blue light, we applied commercial hunting flashlights. Pictures were taken with the use of a
digital camera equipped with a macro lens (Nikkon D300s, Tokyo, Japan). The camera was
set to automatic mode. After that, the stained filters were observed under a fluorescence
microscope (Opta-Tech MN-800FL). This step allowed for additional verification of bright
particles. Under magnification (40× or 100×), it is possible to distinguish between plastic
and organic material (if there is any left after reduction). Microscopic pictures of single,
selected particles were taken. Additional, selected stained and unstained plastics were
photographed, which could be used as reference material in the future.

Finally, the captured images were analyzed using ImageJ 1.53v software [56], which is
a public domain Java image processing program. The image threshold option was used to
extract bright microplastic particles from the dark background. Automatic particle counting
was run. As a result of image processing, the number of particles and their surface was ob-
tained. Thus, the step of identifying microplastics in the collected samples was completed.

3. Results and Discussion

Thee sieving method (steal sieve of 1 mm mesh size) was applied to separate the
largest pieces of plastic. Such particles differ significantly in terms of color and shine, thus
they can be easily recognized and picked up manually. Moreover, they melt when exposed
to high temperatures (flame or hot needle). These plastics have been found in three out of
four locations (see Table 1 (columns 2 and 3) for details). The image of the particles is also
included in the Supplementary Materials (Figure S1). In the case of the sample taken at site
number S1 (the stream begins to flow through an open channel), no plastic particles were
found on the sieve. The greatest number of particles was confirmed in the tributary from
the suburban area (S2). As the two channels merged, the number of particles decreased (S3),
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and it continued to decline downstream of two reservoirs (S4). These results may suggest
that the presence of the largest particles will most likely depend on the management of
the catchment area and the number of tributaries. The reservoirs can partially retain the
transported material and thus improve the quality of the runoff.

Table 1. The estimated amounts of microplastics found in the bed load sediment of the Służew
Creek catchment.

No. Name/Location of
the Sampling Site

Number of
Microplastic

Particles Captured
on 1 mm Sieve

Number of
Microplastic Particles

Captured on Filter
(Pieces/30 g of Bed

Load Sediment)

Total Number of
Microplastic Particles

(Pieces/30 g of Bed
Load Sediment)

Median Particle
Surface in the
Sample (mm2)

2 3 4 5 6

1 S1,
Służew Creek 0 213 213 0.0057

2 S2,
Grabów Channel 6 185 191 0.0076

3 S3,
Służew Creek 3 276 279 0.0062

4 S4,
Służew Creek 1 249 250 0.0123

Average 3 231 233 0.00795

Smaller particles were captured on the filter and stained. Figure 3 presents the macro-
and microphotography of microplastic particles found at sampling site no. S1. Photos
for other samples are included in the Supplementary Materials (Figures S2–S4). The
macrophotography showed all particles, which is useful for automatic counting. However,
details on the shape and structure of the particles are missing. Here, one pixel of image
corresponded to almost 200 µm2. Moreover, there is always a risk that individual brighter
pixels will be incorrectly recognized by the program as plastic. This may happen on the
edges of the filter that reflect light in a different way. Due to technical limitations, it
is also not possible to recognize particles smaller than 0.014 mm (corresponding to the
pixel size). Thus, a threshold for single pixels was set and were not taken into account.
Moreover, microscopic photos of the selected particles were made. Based on these, the
difference in shapes and structure as well as the colors and intensities of fluorescence may
be stated. Under the microscope, one can also distinguish between plastic and organic
matter. Figure S5 (Supplementary Materials) presents the results obtained due to omitting
organic matter reduction, whereas on the filter, both plastic and organic matter were found.

Table 1 (columns 2 and 3) also summarizes the estimated amounts of the finest mi-
croplastics captured on filters. The numbers were relatively similar and ranged from
185 up to 276 pieces per sample (30 g of dry bed load sediment). The smallest amount of
these particles were found in the outflow from the suburban, less urbanized catchment
(sampling point no. S2). As before, it seems to be a noticeable effect of the reservoirs
to reduce the amount of microplastics (a decline between points S3 and S4). In the case
of fine particles, catchment management and land use are probably not the only factors
determining their quantity in the channel. For example, another source may be rainfall
and its spatial distribution over the catchment. Moreover, it seems that as the catchment
area increases, the number of particles also rise. Since all identified particles were less than
5 mm in size, columns 3 and 4 were added together, and the total number is presented
in column 5 of Table 1. The median surfaces describe the size of the indicated particles
(Table 1, column 6). It is a simplified measurement, based on plan view. For the first three
samples, it appears to be similar while for the last of them (no. S4), they were about twice
as large. At this stage, it is difficult to point out the cause of these differences or similarities.
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There are many factors that can affect whether or not particles accumulate in a given
location, starting with their type, source, moving media, or weather conditions. Patchaiyap-
pan et al. [57] established the average abundance of microplastics to 227.9 ± 91.4 pieces
per hundred grams of street dust for an urban area in India (Chennai). This is about three
times lower than estimated in our work. However, we note the type and structure of
the investigated samples. Street dust is much finer than bed load, so by the same mass,
the volume of these two will be different. Thus, a direct comparison can be misleading.
Sekudewicz et al. [58] stated that the abundance of MPs in the sediments of the Vitula
River in Warsaw, varied from 190 to 580 items·kg−1. These investigations, however, were
performed on a different date (2018) and weather conditions than ours.

The fluoresce color for microplastic particles ranges from yellow-green to dark red, and
the intensity of specific colors may also vary widely. These two are related among others
to the type of the polymer (density, structure, polarity), its original color, and exposure
time to environmental conditions (virgin or weathered). Moreover, the way the experiment
was carried out or technical equipment may also affect the obtained results (i.e., the blue
light is not the only one that induces fluorescence) [39]. Currently, the identification of
polymers based on their color or luminous intensity is a challenge. Studies on microplastic
detection with the use of Nile Red focus primarily on its quantification. Thus, there are still
not enough reference images. This will probably change in the future if aa global database
of such pictures with dedicated software is developed. To support this action, in the
Supplementary Materials (S6–S12), the authors provide microscopic photos of the stained,
virgin polymers as well as some natural fibers that could be used as reference material.

Microplastic particles may also be identified by using Raman or Fourier transform
infrared (FTIR) spectroscopy [59]. These two are much more advanced than Red Nile
staining. The Raman spectroscopy measures the light scattering after exciting the sample for
a laser. The spectrum of Raman radiation is often unique to a given material. By comparing
it with the pattern, it is possible to recognize the structure and type of the particle [60]. The
FTIR method uses infrared radiation. It estimates how much light remains after absorption.
This phenomenon is also typical for a given molecule. Shim et al. [61] stated that the
recovery rate of polyethylene spiked to natural sand in the NR staining method was not
significantly differed with FTIR identification. Patchaiyappan [62], with the use of Raman
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spectroscopy, confirmed that 78 out of 84 particles selected for analysis were plastics.
Nevertheless, there is still a need for research focusing on methodology development [59].
In this work, further investigations with the use of spectroscopic methods were impossible
as we did not have the appropriate equipment. The effectiveness of microscopic and
staining methods have been confirmed by many authors (e.g., [51,62,63]). At the same
time, others have pointed out the possibility of misidentification, especially in the case of
nanoplastics [64,65]. The authors agree with the statement that coupling Nile Red staining
with the spectroscopy method could be useful to improve the time and cost efficiency [41].

The topic of microplastic pollution has attracted more interest among researchers and
the general public. The number of works summarizing the current state of knowledge,
but also proposing novel solutions is still growing. It is obvious that not all of them
may be tested in a single attempt. Despite this, we tried to collect the most frequently
mentioned ideas and approaches and applied them in practice. However, our experience
also confirmed that there is still a lot to study and improve in this area. Among others, there
is a need to standardize the applied laboratory procedures for specific types of samples
(i.e., river sediment, stormwater runoff, street dust, beach sediment, animal samples, etc.).
Second, microplastics research with the use of Nile Red staining should be devoted to
both quantitative and qualitative analysis. For this purpose, more reference data must be
provided. Raman and FTIR spectroscopy could play a key role in verifying the results
obtained with the use of Nile Red staining. In this respect, broad cooperation between
research institutions will also be expected. In term of investigations conducted in the study
catchment, there is a need to expand the scope of analyses by detailed recognition of factors
influencing the presence of microplastics in the channel (i.e., sediment grain size, flow
conditions in the channel, point source of pollution, weather conditions), taking other types
of samples (i.e., storm runoff) and in greater numbers throughout the catchment area.

4. Conclusions

This work focused on stating the presence of microplastics in the bed load sediment of
a small urban catchment in Warsaw. The samples were collected at four separate locations
to potentially observe the effect of the catchment size and its management on the amount
of plastics. This is also the first, initial research for the selected study site. Based on the
conducted research, the following conclusions may be drawn:

• Microplastics were present in the channel of Służew Creek in Warsaw, where the
estimated number of particles ranged from 191 to 279 pieces per 30 g of bed load
sediment for the selected sampling sites;

• The presence of the largest particles (more than 1 mm in size) most likely depends
on the management of the catchment area and the number of tributaries, while the
abundance of the finest particles (less than 1 mm in size) could also be determined by
the meteorological conditions;

• Small reservoirs may reduce the load of particles and thus enhance the quality of
urban runoff;

• The number of particles seems to increase in the catchment area and factors influencing
microplastic accumulation in the study catchment should be investigated in detail in
further works;

• There is a need for further broad research focusing among others on: (i) the standard-
ization of methods and laboratory procedures (leading to microplastic detection) in
relation to the type of sample, and (ii) thee identification of specific polymers and the
verification of obtained results with the use of the NR staining method.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su142316017/s1, Figures S1–S9. Figure S1. Macro photo of
microplastic particles, captured on sieve. Sampling sites: S2, S3 and S4; the background mesh is
1 mm. Figure S2. Macro (in the center) and microscopic (in the corners) photos of stained microplastic
particles, captured on filter and observed under blue (470 nm) light through orange filter. Sampling
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site S2. Figure S3. Macro (in the center) and microscopic (in the corners) photos of stained microplastic
particles, captured on filter and observed under blue (470 nm) light through orange filter. Sampling
site S3. Figure S4. Macro (in the center) and microscopic (in the corners) photos of stained microplastic
particles, captured on filter and observed under blue (470 nm) light through orange filter. Sampling
site S4. Figure S5. Macro (in the center) and microscopic (in the corners) photos of stained particles,
captured on filter and observed under blue (470 nm) light trough orange filter. In this sample, the
organic matter reduction stage was omitted. On the left—organic matter, on the right—plastic.
Number of recognized particles amounts to 404 pieces. Sampling site S2. Figure S6. Fragments of
virgin polyethylene, (PET) coming from bottle caps. Microscopic photos (taken under white light) of
PET in differ colors: (a) green, (b) blue, (c) red, (d) yellow, (e) white. Macro photography (bottom part)
taken under various conditions. Figure S7. Fragments of virgin expanded polystyrene (Styrofoam,
ESP). Microscopic photos (taken under white light) of EPS (on the left). Macro photography (on the
right) taken under various conditions. Figure S8. Fragments of virgin nylon (mesh). Microscopic
photos (taken under white light) of mesh (on the left). Macro photography (on the right) taken
under various conditions. Figure S9. Fragments of virgin polyvinyl chloride (PVC, transparent).
Microscopic photos (taken under white light) of PVC (on the left). Macro photography taken
under various conditions. Figure S10. Reed leaf fragment. Microscopic photos (taken under white
light) of the leaf (on the left). Macro photography (on the right) taken under various conditions.
Figure S11. White cotton fiber. Microscopic photos (taken under white light) of the fiber (on the left).
Macro photography (on the right) taken under various conditions. Figure S12. Cellulose filter (A) and
glass fiber filters (B). Microscopic photos (taken under white light) of the filters (on the left). Macro
photography (on the right) taken under various conditions.
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